










































In order to determine if flexography is a viable way to produce photovoltaics, 
specifications and tolerances need to be determined first and evaluated against 
existing flexography presses to determine if it is possible to mass-produce 
photovoltaics by this method. For this particular study, focus was on creating an 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1 : Preliminary Speci�ications for Printed Photovoltaics
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Contact angle is determined by how resistant the ink is to beading up on the substrate. This in turn also creates pinholes. Having the correct surface energy helps the inks to wet out properly. Contact angles should be 30 degrees or less. The surface energy of the fluid has to be higher with each layer that is added. A minimum of 5 dyne differences should be between the different layers.  
 
Registration was found to be not as important with photovoltaics compared to transistors or any other printed electronic device. The electrode does not short with bleeding beyond the active layer. 
 
Drying and annealing is a considerable challenge for printing. The majority of the materials require extremely high temperatures to anneal the ink. Additionally, to properly anneal, the inks need a certain period of time, which may prove difficult for a printing press running at top speed.  It was discovered that some printers modify their presses to have enhanced dryers or offline processes that will anneal the material. Additional problems included the limit on substrates that could be used. If the ink needs 140° C to dry, many paper and polymer substrate would lose stability. 
 
Conductivity is one of the most important specifications because it determines efficiency of the electrode. When the material is deposited onto the substrate, it 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should be in a manner where the ink will function at optimal conditions. The mobility of the P3HT:PCBM should be 10^‐3 cm2/ Vs.  
 
Oxygen trapping is needed with certain materials to properly adhere to the substrate and dry correctly. The material P3HT: PCBM is best applied in a nitrogen environment. It may be necessary to use a nitrogen air knife and chamber to apply the ink. 
 
Both the cathode and substrate have to be highly transparent to allow sun into the circuit. The substrate should be above 95% transparent and the cathode as transparent as possible, around 80%.  
 
Ink adhesion determines how well the ink sticks to the substrate. This will determine the integrity and stability of the photovoltaic over time. Adhesion can be determined by the ASTM cross hatch tape test. 
 
Initially, registration and surface uniformity was thought of as the most important specifications a printing press had to meet. However, after all the interviews, it was apparent that drying and annealing as well as surface uniformity would be the greatest challenge for a traditional flexography press. 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The hardest challenge for print would be able to create a thin, pin hole free layer. Ideally, there would be some sort of system to evaluate the layers as it is being in production. The resolution levels of traditional presses need to be increased to avoid pin holing. Micro flexography or micro gravure can be researched for these purposes. 
 
Taking the specifications into account, is it feasible for flexography to be a means of mass production for printed photovoltaics? It is possible, however from interviewing experts in the industry, it is common to have hybrid technologies to take the strengths from each individual printing process. Additionally, press modifications such as extended dryers and oxygen trapping chambers are needed. The flexography industry should focus on building strengths to manufacture functional printing products. Research in new methods to increase ink film thickness control and improving drying capabilities is needed. 
 
Printed photovoltaics will eventually change the entire energy market and help with the affordability of solar power. Flexography can be a huge leader in this upcoming change. The first step is to discover and understand the important variables in a photovoltaic and build equipment that can manufacture a quality product at a low cost. This in turn, will revolutionize the industry. 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